Introduction {#S0001}
============

Ovarian cancer is a common malignancy of the female reproductive organs; the incidence rate ranks third only to cervical cancer and uterine cancer, and the mortality rate is the highest among female genital malignancies.[@CIT0001] Sex hormones, environmental factors and family history (genetics) could play a vital role in the occurrence of ovarian lesions.[@CIT0002],[@CIT0003] In 2018, there were approximately 22,240 new cases and 14,070 deaths in the United States, and the annual death rate for ovarian cancer accounted for 5% of the female cancer deaths.[@CIT0001] Due to the lack of early effective diagnostic methods, chemotherapeutic drug resistance and other reasons, the mortality rate of ovarian cancer is second only to that of breast cancer, which poses a serious threat to women's health.[@CIT0004],[@CIT0005] Currently, treatment for ovarian cancer includes comprehensive staging surgery, tumor cytoreductive surgery and subsequent adjuvant chemotherapy.[@CIT0006] With the development of surgery and targeted drug therapy, the prognosis of ovarian cancer patients has improved significantly, but the five-year survival rate is still only approximately 30%.[@CIT0007]

DYNLT3 is a member of the cytoplasmic dynein light chain Tctex family. It is located on human chromosome Xp21 and is mainly distributed in the centromere, nucleus, cytoplasm and microtubules. DYNLT3 interacts with the mitotic protein BUb3 and special AT-rich sequence-binding protein-1 (SATB1) to regulate the processes of mitosis and meiosis, which play a crucial role in chromosome binding.[@CIT0008],9,[@CIT0010] Therefore, we speculated that DYNLT3 may participate in the occurrence and development of malignant tumors. To date, only two studies have investigated the expression of the DYNLT3 gene in malignant tumors, and the results were inconsistent. Karagoz et al.[@CIT0011] showed that DYNLT3 expression was significantly decreased in esophageal squamous cell carcinoma and that DYNLT3 may be a tumor suppressor. Another study reported that the DYNLT3 gene was a candidate oncogene in salivary gland adenoid cystic carcinoma.[@CIT0012] However, the role of the DYNLT3 gene in ovarian cancer has not been reported. In our previous study, we found by searching the Human Protein Atlas database (<https://www.proteinatlas.org/>) that the DYNLT3 protein was positively expressed in human ovarian cancer tissues but not expressed in normal ovarian tissues. This pattern suggests that the DYNLT3 gene may have be correlated with the development of ovarian cancer.

In the present study, we used immunohistochemical staining to detect DYNLT3 protein expression in ovarian serous cystadenocarcinoma, ovarian serous cystadenoma and normal ovarian epithelial tissues and searched the Kaplan-Meier plotter database to assess the prognostic value of DYNLT3 mRNA expression in ovarian cancer. In addition, quantitative real-time polymerase chain reaction (qRT-PCR) and Western blotting were used to examine DYNLT3 mRNA and protein expression, respectively, in normal ovarian epithelial IOSE80 cells and ovarian cancer SKOV3 cells. Subsequently, we transfected lentivirus to upregulate or downregulate the expression of the DYNLT3 gene in the SKOV3 ovarian cancer cell line, and we then explored the role of DYNLT3 in the biological behavior of ovarian cancer and elucidated the related molecular mechanisms.

Materials and methods {#S0002}
=====================

Tissue specimens {#S0002-S2001}
----------------

Archival parafﬁn-embedded tissue samples (n=60) namely, 20 normal ovarian epithelial, 20 ovarian serous cystadenoma, and 20 ovarian serous cystadenocarcinoma tissue samples were collected in the Second Affiliated Hospital of Wenzhou Medical University from October 2016 to December 2018. All tissue samples were obtained with the written informed consent of all the patients. This study was conducted in accordance with the Declaration of Helsinki and was approved by the the ethics committee of the Second Affiliated Hospital of Wenzhou Medical University. No patient had undergone any treatment and all diagnoses were confirmed surgically and pathologically.

Immunohistochemical staining {#S0002-S2002}
----------------------------

Immunohistochemical staining was carried out by a standard streptavidin-peroxidase method. A 4μm tissue was section cut from paraffin-embedded blocks and adhered and dried on poly-L-lysine precoated glass slides. Sections were deparaffinized and rehydrated after a 2h incubation at 65°C. Slides were heated in 10 mmol/L citrate buffer (pH 6.0) in a microwave oven to antigen retrieval. Endogenous peroxidase activity was inhibited by incubation for 15 min with 0.3% hydrogen peroxide. Then, normal goat serum was added to slides to prevent nonspecific binding. Slides were incubated with a polyclonal rabbit anti-human DYNLT3 (1:100) (Abcam, UK) antibody at 4°C overnight. A biotinylated goat anti-rabbit antibody was used as the secondary antibody, streptavidin peroxidase was used as the label, and diaminobenzidine was used as the chromogen. Nuclei were stained with hematoxylin. Appropriate positive and negative control slides were stained in parallel. DYNLT3 positive staining was indicated by a yellow or brown color of the cytoplasm and/or nucleus. Ten high-power images (40×objective, 10×eyepiece) were acquired for analysis. The positive staining area and cumulative light density value of the images were obtained by using Image-Pro Plus (IPP) software, and the ratio of the cumulative light density value/positive staining area of each image was calculated.

Database retrieval {#S0002-S2003}
------------------

The prognostic value of DYNLT3 mRNA expression in ovarian cancer was assessed in the Kaplan-Meier plotter database (<http://kmplot.com>). The DYNLT3 gene data were uploaded into the database according to the median expression level. Patient samples were divided into two groups (high vs low expression), and overall survival (OS) and progression-free survival (PFS) were investigated the by a Kaplan-Meier survival plot. The hazard ratios (HRs) with 95% confidence intervals (CIs) and the log rank *P*-values were calculated automatically on the webpage. A *P*-value of less than 0.05 was considered statistically significant.

Cell lines and cell culture {#S0002-S2004}
---------------------------

The human ovarian serous cystadenocarcinoma cell line SKOV3, normal ovarian epithelial cell line IOSE80 and renal epithelial cell line 293T were obtained from the Cell Bank of the Chinese Academy of Sciences, Shanghai, China. 293T and IOSE80 cells were cultured in Dulbecco' Modified Eagle Medium (DMEM) and SKOV3 cells were maintained in RPMI −1640 medium supplemented with 10% fetal bovine serum (FBS), penicillin (100 U/ml), and streptomycin (0.1 mg/ml). All cells were incubated at 37 °C in 5% CO~2~.

Quantitative real-time PCR {#S0002-S2005}
--------------------------

The transcription levels of DYNLT3 mRNA in IOSE80 cells and SKOV3 cells were measured by quantitative real-time PCR (qRT-PCR). Total RNA was isolated from cells using TRIzol reagent according to the manufacturer's instructions (Invitrogen, CA, USA). Total RNA (2 μg) was reverse transcribed to cDNA using a reverse transcription kit (Thermo Fisher Scientific, MA, USA). Quantitative real-time PCR was performed using SYBR Green PCR Mix from TransGen Biotech. The following primers were used: human DYNLT3 forward (5ʹ-TGCGACGAGGTTGGCTTCAA-3ʹ) and reverse (5ʹ-TGCAGTCCACTGGTTGATGTT-3ʹ); human GAPDH forward (5ʹ-AAGAAGGTGGTGAAGCAGG-3ʹ) and reverse (5ʹ-GTCAAAGGTGGAGGAGTGG-3ʹ). cDNA was subjected to qPCR to investigate the relative mRNA levels of DYNLT3 and GAPDH (as the internal control) in a LightCycler480 qPCR machine. All experiments were performed in triplicate. The mRNA expression of DYNLT3 was evaluated using the following arithmetic formula: Expression =2^−∆∆Ct^, where ∆Ct = Ct (DYNLT3) -- Ct (GAPDH) and ∆∆Ct = ∆Ct (sample) -- ∆Ct (control).

Western blotting {#S0002-S2006}
----------------

Total protein was extracted from cells with Radio-Immunoprecipitation Assay and Phenylmethanesulfonyl fluoride. 50 μg protein was separated by 12% Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and transferred to Polyvinylidene Fluoride membranes. After blocking with Tris-buffered saline with 0.1% Tween-20 (TBST) containing 5% nonfat dried milk, membranes were washed with TBST and incubated separately with antibodies against DYNLT3 (1:500; Abcam, Biotechnology), Tubulin (1:2,000; CST, Biotechnology), PCNA (1:2,000; CST, Biotechnology), Ezrin (1:1,000; CST, Biotechnology), Fascin (1:1,000; Abcam, Biotechnology), MMP2 (1:1,000; CST, Biotechnology), and MMP9 (1:1,000; CST, Biotechnology) at 4°C overnight. The next day, after washing in TBST, membranes were incubated with secondary antibodies (1:5,000 dilution) for 2h at room temperature. Then, membranes were washed in TBST again, and protein bands were detected with enhanced chemiluminescence (ECL) reagents. All experiments were performed in triplicate. The relative protein expression was evaluated using the following arithmetic formula: relative protein expression = gray value of protein of interest/gray value of Tubulin.

Production of lentivirus and transduction of target cells {#S0002-S2007}
---------------------------------------------------------

Small hairpin RNA (shRNA) targeting DYNLT3 and having a sequence of -CCGGTCTATACAGCATCGTTTAAATCTCGAGATTTAAACGATGCTGTATAGATTTTTG- was constructed and inserted into the lentiviral expression vector TRC2-pLKO-puro-shC. DYNLT3 cDNA with a sequence of -ATGGAGGAGTACCATCGCCACTGCGACGAGGTTGGCTTCAATGCTGAGGAAGCCCACAATATTGTCAAAGAGTGTGTAGATGGGGTTTTAGGTGGTGAAGATTATAATCACAACAACATCAACCAGTGGACTGCAAGCATAGTGGAACAATCCTTAACACACCTGGTTAAGTTGGGAAAAGCCTATAAATATATTGTGACCTGTGCAGTGGTCCAGAAGAGCGCATATGGCTTTCACACAGCCAGCTCCTGTTTTTGGGATACCACATCTGATGGAACCTGTACCGTAAGATGGGAGAACCGGACCATGAACTGTATTGTCAACGTTTTTGCCATTGCTATTGTTCTTTTGA- was inserted into the lentiviral expression vector pLVX-IRES-ZsGreen1. Two packaging plasmids (psPAX2 (0.75 μg) and pMD2.G (1.9 μg)), TRC2-pLKO-puro-shDYNLT3 (2.5 μg), DYNLT3-pLVX-IRES-ZsGreen1 (2.5 μg) and two control vectors (each 2.5 μg) were transfected into 293T cells for 48h using Lipofectamine 2000 (Invitrogen, CA, USA). Lentiviral particles were harvested and filtered for infection of SKOV3 cells in combination with polybrene. To screen for cells with stable overexpression of DYNLT3, infected green fluorescent protein-positive cells were sorted by flow cytometry; cells with DYNLT3 downregulation were selected by 2 μg/ml puromycin.

CCK-8 assay {#S0002-S2008}
-----------

Cells were seeded in 96-well plates (3×10^3^ cells/well). After 24h, the medium was changed, and CCK-8 solution (10 μL/well) and RPMI-1640 medium (90 μL/well) were added and incubated at 37°C for 3h. The absorbance at wavelength of 450 nm was measured on a BioTek plate reader (Bio-Rad, USA). The experiments were repeated three times.

Flow cytometry {#S0002-S2009}
--------------

Cells were plated in culture dishes at a density of 1×10^5^ cells/dish. At 70--80% confluence, cells were digested and resuspended in binding buffer at a concentration of 1×10^6^ cells/ml. Then, according to the manufacturer's protocol, cells were stained with annexin V-FITC/propidium iodide or PE/7-AAD. The percentage of apoptotic cells was assessed by flow cytometry after cells were stained for 15 min. The experiments were repeated three times.

Wound healing assay {#S0002-S2010}
-------------------

Cells were seeded 1×10^6^ cells/well (6-well plate). After cells reached 90% confluence, a wound was simulated on the cell monolayer by scratching with a sterile pipette tip, and the cells were washed with PBS twice to remove cell debris. Fresh medium was added and incubated at 37°C in 5% CO~2~. The wound area was measured using ImageJ software (NIH, MD, USA). The percentages of the wound areas were calculated as the area at 24h vs the area at 0h in each group.

Transwell invasion assay {#S0002-S2011}
------------------------

The polycarbonate filter membrane (diameter 6.5 mm, pore size 8 μm; Corning, USA) at the bottom of Transwell chambers was coated with 60 μL of Matrigel (BD Pharmingen, CA, USA) and air dried in a laminar hood overnight for the invasion assay. A total of 20,000 cells/well in serum-free medium were seeded in the upper inserts in triplicate. Then, 200 μL of medium containing 10% FBS was added to the lower chambers. After 24h, cells that did not penetrate the polycarbonate membrane at the bottom of the chamber were removed with a cotton swab. Then, invaded cells were fixed with 4% paraformaldehyde for 20 min and stained with 1% crystal violet for 10 min. Five fields of view were selected randomly under a microscope (Nikon, Japan), and the cells that penetrated the membrane were counted.

Immunofluorescence staining {#S0002-S2012}
---------------------------

Cells were seeded on glass coverslips in 6-well plates. After 24h, coverslips were washed with PBS. Then, cells were fixed and permeabilized for 20 min and blocked with 1% bovine serum albumin (BSA). Cells were incubated with an anti-mouse Ki-67 antibody (1:100 CST, Biotechnology) overnight at 4°C, followed by a FITC -conjugated goat anti-mouse secondary antibody (Invitrogen, CA, USA). Nuclei were stained with 4ʹ,6-diamidino-2-phenylindole dilactate (DAPI) and visualized by fluorescence microscopy. Ki-67-positive staining was indicated by a red color in nuclei. IPP software was used to calculate the positive staining area and cumulative light density value in each image, and the ratio of the cumulative light density value to the positive staining area in each image was calculated.

Statistical analysis {#S0002-S2013}
--------------------

Statistical analysis was performed with SPSS 19.0 statistical software. The data for each group were continuous variables with normal distributions, and multigroup differences were analyzed with one-way analysis of variance followed by the least significant difference test or Dunnett's T3 test. *P*\<0.05 was considered to be statistically significant.

Results {#S0003}
=======

The expression of the DYNLT3 protein was evidenced by intensely positive staining in ovarian carcinoma {#S0003-S2001}
------------------------------------------------------------------------------------------------------

The expression of the DYNLT3 protein in ovarian serous cystadenocarcinoma, ovarian serous cystadenoma and normal ovarian epithelium is shown in [Figure 1](#F0001){ref-type="fig"}. Ovarian serous cystadenocarcinoma consistently showed intense positive staining for DYNLT3. Ovarian serous cystadenoma showed moderate positive staining for DYNLT3. DYNLT3 staining was very weak in normal ovarian epithelium. The results showed that DYNLT3 expression progressively increased from normal ovarian epithelium to neoplasms (*P*\<0.05).Figure 1The expression of DYNLT3 protein in different ovarian epithelial lesions. (**A**) Image of staining with DYNLT3 in normal ovarian epithelial tissue (×100). (**B**) Image of staining with DYNLT3 in normal ovarian epithelial tissue (×400). (**C**) Image of staining with DYNLT3 in ovarian serous cystadenoma tissue (×100). (**D**) Image of staining with DYNLT3 in ovarian serous cystadenoma tissue (×400). (**E**) Image of staining with DYNLT3 in ovarian serous cystadenocarcinoma tissue (×100). (**F**) Image of staining with DYNLT3 in ovarian serous cystadenocarcinoma tissue (×400).

DYNLT3 mRNA expression was correlated with poor prognosis in ovarian cancer patients {#S0003-S2002}
------------------------------------------------------------------------------------

Via the Kaplan-Meier plotter database, the OS of 1656 patients and the PFS of 1435 patients with ovarian cancer were investigated. As shown in [Figure 2](#F0002){ref-type="fig"}, DYNLT3 mRNA expression was significantly correlated with shorter OS (HR (95% CI) =1.18 (1.02--1.36), *P*=0.027) and PFS (HR (95% CI) =1.18 (1.03--1.35), *P*=0.018) times in all ovarian cancer patients. Furthermore, the prognostic value of DYNLT3 in ovarian cancer with different histological subtypes, including serous and endometrioid, was assessed. For serous ovarian cancer patients, high expression of DYNLT3 mRNA was associated with poor OS (HR (95% CI) =1.22 (1.02--1.46), *P*=0.026) and PFS (HR (95% CI) =1.2 (1.04--1.39), *P*=0.012). For endometrioid ovarian cancer patients, high expression of DYNLT3 mRNA was related to improved PFS (HR (95% CI) =0.25 (0.1--0.64), *P*=0.0018) but not related to OS (HR (95% CI) =447,707,887.65 (0-lnf), *P*=0.057).Figure 2The prognostic value of DYNLT3 expression in [www.kmplot.com](http://www.kmplot.com). (**A**) overall survival curve is plotted for all ovarian cancer patients. (**B**) overall survival curve is plotted for serous ovarian cancer patients. (**C**) overall survival curve is plotted for endometrioid ovarian cancer patients. (**D**) progression free survival curve is plotted for all ovarian cancer patients. (**E**) progression free survival curve is plotted for serous ovarian cancer patients. (**F**) progression free survival curve is plotted for endometrioid ovarian cancer patients.**Abbreviations:** OS, overall survival; PFS, progression free survival.

DYNLT3 mRNA and protein expression was higher in ovarian cancer SKOV3 cells than in normal ovarian epithelial IOSE80 cells {#S0003-S2003}
--------------------------------------------------------------------------------------------------------------------------

The DYNLT3 mRNA and protein expression levels in both normal ovarian epithelial IOSE80 cells and ovarian cancer SKOV3 cells were determined by qRT-PCR and Western blotting, respectively. The expression of DYNLT3 mRNA and protein was significantly higher in SKOV3 cells than in IOSE80 cells (*P*\<0.05) ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}).Figure 3The expression of DYNLT3 mRNA and protein. (**A**) The expression of DYNLT3 mRNA in IOSE80 and SKOV3 was detected by qRT-PCR. (**B**) The expression of DYNLT3 protein in IOSE80 and SKOV3 was detected by Western blot. (**C**) DYNLT3 protein expression in SKOV3 cells transduced with DYNLT3-pLVX-IRES-ZsGreen1 lentivirus. (**D**) DYNLT3 protein expression in SKOV3 cells transduced with TRC2-pLKO-puro-shDYNLT3 lentivirus. Data are expressed as mean ± standard deviation from triplicate experiments (\**P*\<0.05).**Abbreviations:** BC-OE, over-expression blank control group; NC-OE, over-expression vector control group; OE-DYNLT3, DYNLT3-overexpression group; BC-KD, knock-down blank control group; NC-KD, knock-down vector control group; KD-DYNLT3, DYNLT3-knock-down group.

Lentivirus-mediated up-regulation and down-regulation of DYNLT3 in ovarian cancer cells {#S0003-S2004}
---------------------------------------------------------------------------------------

As shown in [Figure 3](#F0003){ref-type="fig"}, SKOV3 cells transfected with lentivirus expressing DYNLT3-pLVX-IRES-ZsGreen1 exhibited dramatically increased DYNLT3 gene expression, and those transfected with lentivirus expressing TRC2-pLKO-puro-shDYNLT3 exhibited distinctly suppressed DYNLT3 expression (*P*\<0.05). In addition, the control vector had no effect on DYNLT3 expression (*P*\>0.05) ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}).

DYNLT3 promoted the proliferation of ovarian cancer cells {#S0003-S2005}
---------------------------------------------------------

The CCK-8 assay showed that SKOV3 cell proliferation in the DYNLT3 overexpression group (OD value: 1.31±0.18) was significantly enhanced compared with that in the overexpression blank control group (OD value: 0.98±0.11) and the overexpression vector control group (OD value: 0.99±0.13) (*P*\<0.05).

Conversely, cell proliferation in the DYNLT3 knockdown group (OD value: 0.90±0.18) was significantly inhibited compared with that in the knockdown blank control group (OD value: 1.17±0.12) and the knockdown vector control group (OD value: 1.15±0.23) ([Figure 4A](#F0004){ref-type="fig"}).Figure 4The effect of DYNLT3 on the proliferation and apoptosis of ovarian cancer cell. (**A**) The effect of DYNLT3 on the proliferation of SKOV3 cells. (**B**) The effect of DYNLT3 on the apoptosis of SKOV3 cells. Data are expressed as mean ± standard deviation from triplicate experiments (\**P*\<0.05).**Abbreviations:** BC-OE, over-expression blank control group; NC-OE, over-expression vector control group; OE-DYNLT3, DYNLT3-overexpression group; BC-KD, knock-down blank control group; NC-KD, knock-down vector control group; KD-DYNLT3, DYNLT3-knock-down group.

DYNLT3 had no effect on the apoptosis of ovarian cancer cells {#S0003-S2006}
-------------------------------------------------------------

The flow cytometry results showed that the percentage of apoptotic cells in the DYNLT3 overexpression group (3.83±0.35%) was not significantly different from that in the overexpression blank control group (3.88±0.32%) or the overexpression vector control group (3.66±0.41%) (*P*\>0.05). Similarly, there was also no significant difference in the percentage of apoptotic SKOV3 cells among the knockdown blank control group (5.12±0.43%), knockdown vector control group (5.41±0.66%) and DYNLT3 knockdown group (5.03±1.02%), (*P*\>0.05) ([Figure 4B](#F0004){ref-type="fig"}).

DYNLT3 promoted the migration and invasion of ovarian cancer cells {#S0003-S2007}
------------------------------------------------------------------

The migration ability of SKOV3 cells was assesses by a wound healing assay. The results showed that overexpression of DYNLT3 significantly increased the healed area relative to that in the overexpression blank control group and the overexpression vector control group. As expected, the number of migrated cells was appreciably reduced in the DYNLT3 knockdown group (healed area: 40.56±5.15%) compared with that in the knockdown blank control group (healed area: 62.96±7.46%) and the knockdown vector control group (healed area: 65.27±7.27%) (*P*\<0.05) ([Figure 5A](#F0005){ref-type="fig"}).Figure 5The effect of DYNLT3 on ovarian cancer cell migration and invasion. (**A**) Cell migration was evaluated by Wound Healing method (×100). (**B**) Cell invasion was evaluated by transwell invasion assay (×100). Data are expressed as mean ± standard deviation from triplicate experiments (\**P*\<0.05).**Abbreviations:** BC-OE, over-expression blank control group; NC-OE, over-expression vector control group; OE-DYNLT3, DYNLT3-overexpression group; BC-KD, knock-down blank control group; NC-KD, knock-down vector control group; KD-DYNLT3, DYNLT3-knock-down group.

The invasion ability of SKOV3 cells was assessed via a Transwell invasion assay. As shown in [Figure 5B](#F0005){ref-type="fig"}, overexpression of DYNLT3 markedly promoted the invasion of SKOV3 cells. Conversely, downregulation of DYNLT3 dramatically decreased the number of SKOV3 cells that penetrated the membrane (invaded cell number: 104.86±20.76) compared to that in the knockdown blank control group (invaded cell number: 263.29±32.78) and the knockdown vector control group (invaded cell number: 257.57±36.29) (*P*\<0.05).

DYNLT3 affected the expression of the proliferation-related protein ki-67 in ovarian cancer cells {#S0003-S2008}
-------------------------------------------------------------------------------------------------

Immunofluorescence assays demonstrated that upregulating the expression of DYNLT3 distinctly increased the fluorescence intensity of Ki-67 in the DYNLT3 over-expression group compared to that in the two control groups (*P*\<0.05). Conversely, the fluorescence intensity of Ki-67 in the DYNLT3 knockdown group was significantly decreased compared with that in the knockdown blank control group and the knockdown vector control group (*P*\<0.05) ([Figure 6A](#F0006){ref-type="fig"}).Figure 6The expression of proliferation-related protein Ki-67 and PCNA in SKOV3 cells after transfected with DYNLT3-pLVX-IRES-ZsGreen1 and TRC2-pLKO-puro-shDYNLT3 lentivirus (×40). (**A**) The relative expression level of Ki-67 protein. (**B**) The relative expression level of PCNA protein. Data are expressed as mean ± standard deviation from triplicate experiments (\**P*\<0.05).**Abbreviations:** BC-OE, over-expression blank control group; NC-OE, over-expression vector control group; OE-DYNLT3, DYNLT3-overexpression group; BC-KD, knock-down blank control group; NC-KD, knock-down vector control group; KD-DYNLT3, DYNLT3-knock-down group.

As shown in [Figure 6B](#F0006){ref-type="fig"}, the expression level of the proliferation-related protein PCNA showed no changes after upregulation or downregulation of DYNLT3 expression (*P*\>0.05).

DYNLT3 affected the expression of the migration/invasion-related protein Ezrin in ovarian cancer cells {#S0003-S2009}
------------------------------------------------------------------------------------------------------

The result in [Figure 7](#F0007){ref-type="fig"} revealed that when DYNLT3 was up-regulated, Ezrin protein expression was enhanced in SKOV3 cells. On the contrary, the Ezrin protein level tended to decrease when DYNLT3 was knocked down (*P*\<0.05). However, the protein expression levels of MMP2, MMP9 and Fascin were not affected after DYNLT3 expression was altered (*P*\>0.05).Figure 7The expression of migration/invasion-related protein Ezrin, Fascin, MMP2 and MMP9 in SKOV3 cells after transfected with DYNLT3-pLVX-IRES-ZsGreen1 and TRC2-pLKO-puro-shDYNLT3 lentivirus. (**A**) Image of Western blot. (**B**) The relative expression level of Ezrin protein. (**C**) The relative expression level of Fascin protein. (**D**) The relative expression level of MMP2 protein. (**E**) The relative expression level of MMP9 protein. Data are expressed as mean ± standard deviation from triplicate experiments (\**P*\<0.05).**Abbreviations:** BC-OE, over-expression blank control group; NC-OE, over-expression vector control group; OE-DYNLT3, DYNLT3-overexpression group; BC-KD, knock-down blank control group; NC-KD, knock-down vector control group; KD-DYNLT3, DYNLT3-knock-down group.

Discussion {#S0004}
==========

DYNLT1 and DYNLT3 are two members of the dynein light chain Tctex family; these proteins are mainly localized in the nucleus, cytoplasm and microtubules and participate in reverse vesicular transport, spindle localization in mitotic division and axonal transport.[@CIT0013] In recent years, studies have found that the dynein light chain Tctex family is associated with the occurrence and development of many tumors. Additional studies have focused on the correlation between DYNLT1 and cancer. Sarma et al.[@CIT0014] found that DYNLT1 interacted with nucleopore proteins, which play a role in the dysregulation of gene expression and the proliferation of hematopoietic cells. Cervantes et al.[@CIT0015] revealed that the DYNLT1 exhibited significantly increased expression in liver cancer and participated in the progression of liver cancer. Ochiai et al.[@CIT0016] proposed that DYNLT1 might be associated with the apoptosis of tumor cells. Regarding DYNLT3 and cancer, there are only two related studies. In esophageal squamous cell carcinoma, the expression of the DYNLT3 gene was significantly downregulated, which may play a role in tumor inhibition.[@CIT0011] However, Shao et al.[@CIT0012] conducted a whole-genome screen of salivary adenoid cystic carcinoma samples and found that the DYNLT3 gene is one of the candidate oncogenes. In the present study, we found for the first time that DYNLT3 protein expression gradually increased from normal ovarian epithelium to serous cystadenoma and to serous cystadenocarcinoma, suggesting that DYNLT3 might be implicated in the development and progression of ovarian cancer.

To date, no data are available on the prognostic role of DYNLT3 in gynecological malignancies. In this investigation, we revealed that DYNLT3 mRNA expression was correlated with poor OS and PFS in all ovarian cancer patients, especially in serous ovarian cancer patients. However, in endometrioid ovarian cancer patients, high expression of DYNLT3 mRNA was related to improved PFS but was not related to OS. The reason of different prognostic value of DYNLT3 in patients with endometrioid ovarian cancer might be as follows: the sample size of serous ovarian cancer patients included in the study was 1027, while that of endometrioid ovarian cancer patients was only 102. The larger the sample size, the more reliable the statistical results will be. Since the number of endometrioid ovarian cancer patients was small, it needs to be conducted with a large sample size to determine the prognostic value of DYNLT3 in endometrioid ovarian cancer patients.

Cell proliferation refers to a series of complex reaction processes under the influence of regulatory factors of the cell cycle, including DNA replication, RNA transcription and protein synthesis, which are the basis of the growth, development, reproduction and heredity of normal cells. Cell proliferation is not only involved in normal physiological processes of organisms but is also closely related to pathophysiological processes such as chronic inflammation and tumor growth.[@CIT0017] Abnormal cell proliferation plays a crucial role in the occurrence and development of tumors.[@CIT0017] Studies have revealed that DYNLT3 is mainly distributed in centromeres, nuclei, the cytoplasm and microtubules; regulates mitosis and meiosis; and plays an important role in the division of chromosomes.[@CIT0008],[@CIT0009] Lo et al.[@CIT0008] used specific siRNA to reduce the expression of the DYNLT3 gene in cells and found that the mitotic index increased appreciably and that the number of cells increased in early stages, indicating that DYNLT3 could affect cell proliferation by interfering with the process of mitosis in cells. Based on the function of DYNLT3 in regulating cell division, the effect of the DYNLT3 gene on the proliferation of SKOV3 ovarian cancer cells was assessed by the CCK-8 method. The results in this study showed that DYNLT3 gene expression could clearly promote the proliferation of SKOV3 ovarian cancer cells.

To further study the mechanism by which DYNLT3 affects the proliferation of ovarian cancer cells, we investigated the expression of two common proliferation-related proteins, PCNA and Ki-67, which are regarded as important markers for evaluating the proliferation activity of tumor cells. The expression of PCNA and Ki-67 varied during the cell cycle and showed important clinical value for disease diagnosis, treatment and prognosis.[@CIT0018],[@CIT0019] PCNA is a cell cycle regulatory protein that regulates the synthesis of the leading and lagging chains, and its expression changes periodically with the DNA replication stage.[@CIT0018] PCNA expression increases significantly in G1 phase and then peaks and gradually decreases in G2-M phase; PCNA plays an important role in the transition of the cell cycle from G1 to S phase.[@CIT0018],[@CIT0020] Some studies have indicated that PCNA is highly expressed in almost all tumor tissues and may be related to the continuous growth of tumor cells.[@CIT0021],[@CIT0022] Ki-67, a nuclear antigen associated with cell proliferation, participates in the synthesis of ribosomes and proteins during the process of cell mitosis and is expressed in the G1, S, M and G2 phases of the cell cycle.[@CIT0020] Our results showed that DYNLT3 had no effect on the expression of the PCNA protein. Therefore, we speculated that DYNLT3 was irrelevant in the G1 and S phases. However, we found that the expression of the Ki-67 protein was increased or decreased after upregulation or downregulation of DYNLT3, respectively, indicating that the effect of the DYNLT3 gene on the proliferation of ovarian cancer cells may be related to Ki-67. These results suggest that DYNLT3 may participate in the process of cell mitosis and affect cell proliferation in the M and G2 phases of the cell cycle.

Cell migration is related to pathophysiological processes such as chronic inflammation and cancer metastasis. The process of cell migration includes changes in cell structure and cytoskeletal dynamics, expression of adhesion molecules and activation of signals promoting cell migration. To invade, cells must recognize, attach to and degrade the basement membrane and extracellular matrix.[@CIT0023],[@CIT0024] However, the impact of DYNLT3 on migration and invasion in ovarian cancer has not yet been elucidated. In this study, we revealed that DYNLT3 promoted the migration and invasion of SKOV3 cells. Thus, DYNLT3 may be a newly recognized factor regulating ovarian cancer cell invasion and metastasis.

Many studies have reported that matrix metalloproteinases (MMPs), Ezrin and Fascin are related to the invasion and migration of cancer cells. MMPs are zinc-dependent endopeptidases implicated in various physiological and pathological processes and are categorized according to localization, enzyme sequence arrangement, substrate specificity or associated motifs.[@CIT0025],[@CIT0026] It is worth noting that MMP-2 and MMP-9 influence collagen remodeling and exhibit tumorigenic activity based on their profound participation in cancer cell migration, invasion, and metastasis.[@CIT0025],[@CIT0026] Fascin is an actin-binding protein that regulates the parallel bundling of actin filaments, stabilizes filopodia and invadopodia, and mediates adhesion dynamics in migrating cells.[@CIT0027] Fascin is highly expressed in many malignant tumors, such as breast cancer,[@CIT0028] endometrial carcinoma[@CIT0029] and ovarian cancer,[@CIT0030] and is related to cancer cell invasion.[@CIT0031],[@CIT0032]

The Ezrin protein is one of the members of the Ezrin/Radixin/Moesin (ERM) protein family. Ezrin is a connexin that connects the actin cytoskeleton with the plasma membrane.[@CIT0033] Studies have shown that the Ezrin protein is involved in cell movement, adhesion and signal transduction. Abnormal ezrin expression is closely related to the migration and invasion of multiple types of cancer cells.[@CIT0034] A previous study[@CIT0035] found that the expression of the Ezrin protein was higher in cervical carcinoma than in cervical intraepithelial neoplasia, normal cervix and inflamed cervical tissue. There was a positive correlation between Ezrin protein expression and both stromal invasion depth and cervical lymph node metastasis, suggesting that Ezrin can promote invasion and metastasis in cervical cancer. Another study reported that knockout of dynein light chain roadblock-type 1 (DYNLRB1) decreased the paracrine effect of colon cancer cell secretory factors in conditioned medium and fibroblast coculture, the invasion and migration of colon cancer cells and the expression of the metastasis-related protein Ezrin, which is regulated by extracellular regulated protein kinases.[@CIT0036] In the present study, we found that the DYNLT3 gene regulated Ezrin protein expression in ovarian cancer SKOV3 cells but had no effect on Fascin, MMP2 or MMP9 protein expression. This finding suggests that the promotive effect of the DYNLT3 gene on ovarian cancer cell invasion and migration may be related to regulation of the Ezrin protein.

Conclusion {#S0005}
==========

In summary, DYNLT3 protein expression was gradually increased during the progression of ovarian epithelial lesions, and DYNLT3 mRNA was related to poor prognosis in ovarian cancer patients, indicating that DYNLT3 might act as an oncogene in ovarian cancer. In addition, the DYNLT3 gene promoted ovarian cancer cell proliferation, migration and invasion, which was related to the expression of Ki-67 and Ezrin. However, the signaling pathways responsible for the role of DYNLT3 in ovarian cancer progression require further investigation.
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